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FLUID INDICATOR 

Background of the Invention 

The present invention relates to a method and apparatus for use in analysing impedance 
measurements performed, and in particular to a method and apparatus for determining fluid 
5 levels within a segment of a subject. 

Description of the Prior Art 

The reference in this specification to any prior publication (or information derived from it), or to 
any matter which is known, is not, and should not be taken as an acknowledgment or admission 
or any form of suggestion that the prior publication (or information derived from it) or known 
10 matter forms part of the common general knowledge in the field of endeavour to which this 
specification relates. 

One existing technique for determining biological indicators relating to a subject, such as cardiac 
function, body composition, and other health status indicators, such as the presence of oedema, 
involves the use of bioelectrical impedance. This process typically involves using a measuring 
15 device to measure the electrical impedance of a subject's body using a series of electrodes placed 
on the skin surface. Changes in electrical impedance measured at the body's surface are used to 
determine parameters, such as changes in fluid levels, associated with the cardiac cycle, oedema, 
or the like. 

WO0079255 describes a method and apparatus for assessing tissue for the presence of oedema 
20 and, in particular, lymphoedema. The method is based on measurement of bioelectrical 
impedance at a single low frequency voltage. Measurements are taken of two anatomical regions 
of a subject and analysed to give an indication of tissue oedema. 



WO2005 122888 describes a method of detecting tissue oedema in a subject. The method 
includes determining a measured impedance for first and second body segments. An index 
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indicative of a ratio of the extra-cellular to intra-cellular fluid is then calculated for each body 
segment, with these being used to determine an index ratio based on the index for the first and 
second body segments. The index ratio can in turn be used to determine the presence, absence or 
degree of tissue oedema, for example by comparing the index ratio to a reference or previously 
determined index ratios. 

Summary of the Present Invention 

The present invention seeks to substantially overcome, or at least ameliorate, one or more 
disadvantages of existing arrangements. 

In a first broad form the present invention provides apparatus for use in performing impedance 
measurements on a subject, wherein the apparatus includes a processing system for: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject. 

Typically the indicator is indicative of extra-cellular fluid levels. 

Typically the indicator is indicative of the presence, absence or degree of oedema. 

Typically the third impedance parameter is indicative of the impedance at zero frequency. 

Typically the processing system is for: 
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a) determining third impedance parameter values at a respective frequency for each of first 
and second body segments; 

b) determining a ratio using the third impedance parameter values; and, 

c) using the ratio to determine the indicator. 

5 Typically the first and second body segments are portions of contra-lateral limbs. 

Typically the processing system is for: 

a) comparing the ratio to a reference; and, 

b) using results of the comparison to determine the indicator. 

Typically the reference includes at least one of: 
10 a) a predetermined threshold; 

b) a tolerance determined from a normal population; and, 

c) a predetermined range. 

Typically the reference includes an indicator previously determined for the subject. 

Typically the previously determined indicator is determined prior to the subject undergoing at 
15 least one of: 

a) surgery; and, 

b) treatment. 

Typically the processing system is for: 

a) using the circle parameter values to determine a fourth impedance parameter value at a 
20 respective frequency; 

b) using the third and fourth impedance parameters values to determine an index indicative 
of a ratio of the extra-cellular to intra-cellular fluid; and, 

c) determining the indicator using the index. 

Typically the processing system is for: 
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a) determining an index for first and second body segments; and, 

b) determining an index ratio based on the index for the first and second body segments. 
Typically the first and second body segments are different types of body segment. 
Typically the first and second body segments are limbs. 

5 Typically the first body segment is a leg and the second body segment is an arm. 

Typically the processing system is for: 

a) determining values for parameters R 0 and i?oo from the impedance parameter values; and, 

b) calculating an index (I) using the equation: 

10 where: 

R 0 is the resistance at zero frequency; and, 
Roo is the resistance at infinite frequency. 

Typically the processing system is for, displaying an indication of at least one of: 
a) the third impedance parameter values; 
15 b) the first and second impedance parameter values; 

c) the circle parameters; 

d) a ratio of extra-cellular to intra-cellular fluid; and, 

e) an indication of the at least one of the presence, absence or degree of tissue oedema in the 
subject. 

20 Typically the apparatus includes: 

a) a signal generator for generating an alternating signal at each of a plurality of 
frequencies; 

b) at least two supply electrodes for applying the generated alternating signal to a subject; 

c) at least two measurement electrodes for detecting a signal across the subject; and, 
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d) a sensor coupled to the measurement electrodes for determining the signal across the 
subject, the sensor being coupled to the processing system to thereby allow the 
processing system to determine the measured impedances. 

Typically the apparatus includes a number of electrode systems, and wherein each electrode 
5 system includes: 

a) a sensor; and, 

b) a signal generator. 

Typically electrode system includes: 

a) a first substrate having the signal generator and sensor mounted thereon; and, 

10 b) a second substrate having at least two conductive pads mounted thereon, the conductive 

pads forming a first and a second electrode for coupling the signal generator and the 
sensor to a subject in use. 

Typically the electrode system includes a capacitive cancelling circuit for cancelling capacitive 
coupling between the first and second electrodes. 

15 Typically the capacitive cancelling circuit includes an inverting amplifier for coupling a signal 
generator output to a sensor input. 

Typically the inverting amplifier applies a capacitive cancelling signal to the sensor input to 
thereby cancel any effective capacitance between the first electrode and the second electrode. 

Typically an inverting amplifier output is coupled to the sensor input via at least one of: 
20 a) a resistor; 

b) a capacitor; and, 

c) an inductor. 

Typically at least one of a resistor and capacitor are adjustable, thereby allowing a capacitive 
cancelling signal applied to the sensor input to be controlled. 
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Typically the electrode system includes an input capacitance cancelling circuit for cancelling an 
effective input capacitance at a sensor input. 

Typically the electrode system includes a feedback loop for connecting a sensor output to the 
sensor input. 

Typically the feedback loop includes at least one of: 

a) a resistor; 

b) a capacitor; and, 

c) an inductor. 

Typically at least one of a resistor and capacitor are adjustable, thereby allowing a current flow 
from the sensor output to the sensor input to be controlled. 

Typically the feedback loop applies an input capacitance cancelling signal to the sensor input to 
thereby cancel any effective capacitance at the sensor input. 

Typically the processing system includes a memory for storing software, and a processor 
operating under control of the software stored in the memory, and wherein the processor; 

a) determines, at each of three frequencies, first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solves simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) uses the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) uses the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject. 
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In a second broad form the present invention provides a method for use in performing impedance 
measurements on a subject, wherein the method includes, in a processing system: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject. 

In a third broad form the present invention provides a method for use in diagnosing the presence, 
absence or degree of oedema, wherein the method includes: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject; and, 

e) using the indicator to determine the presence, absence or degree of oedema. 

Typically the oedema is lymphodema. 
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In a fourth broad form the present invention provides a method for use in body composition 
analysis, wherein the method includes: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) using the third impedance parameter value to determine the body composition of the 
individual. 

In a fifth broad form the present invention provides apparatus for use in diagnosing the presence, 
absence or degree of oedema, wherein the apparatus includes a processing system for: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject; and, 

e) using the indicator to determine the presence, absence or degree of oedema. 

In a sixth broad form the present invention provides apparatus for use in body composition 
analysis, wherein the apparatus includes a processing system for: 
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a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) using the third impedance parameter value to determine the body composition of the 
individual. 

It will be appreciated that the broad forms of the invention may be used individually or in 
combination, and may be used for diagnosis of the presence, absence or degree of a range of 
conditions and illnesses, including, but not limited to oedema, lymphoedema, body composition 
and the like. 

Brief Description of the Drawings 

An example of the present invention will now be described with reference to the accompanying 
drawings, in which: - 

Figure 1 is a schematic diagram of an example of an impedance measuring device; 

Figure 2 is a flowchart of an example of a process for determining fluid levels in a segment of a 

subject; 

Figure Sis a schematic of an example of a theoretical equivalent circuit for biological tissue; 

Figure 4 is an example of a locus of impedance known as a Cole-Cole plot; 

Figure 5 is a flowchart of a second example of a process for determining fluid levels in a subject; 

Figures 6A and 6B are diagrams of examples of electrode positions for use in measuring limb 

impedances; 

Figures 6C and 6D are schematic diagrams of examples of electrode positions for use in 
measuring limb impedances; 
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Figure 7 is a schematic of an example of the functionality of the processing system of Figure 1; 
Figures 8A to 8C are a flowchart of an example of a process for performing impedance 
measurements using the apparatus of Figure 7; 

Figure 9A is a schematic diagram of an example of an electrode system incorporating a signal 
5 generator and a sensor; 

Figure 9B is a schematic diagram illustrating cross electrode capacitive coupling; 

Figure 9C is a schematic diagram of an example of a cross electrode capacitance cancelling 

circuit; 

Figure 9D is a schematic diagram of an example of an input capacitance cancelling circuit; 
10 Figure 10 is a schematic diagram of an example of lead connections between the measuring 
device and the electrode system of Figure 9A; 

Figure 1 1 is a schematic diagram of an example of a lead arrangement; 

Figures 12A and 12B are schematic diagrams of examples of electrode configurations used 
during balancing; and, 

15 Figure 12C is a schematic diagram of effective electrical models for the electrode arrangements 
of Figures 12A and 12B. 

Detailed Description of the Preferred Embodiments 

An example of apparatus suitable for performing an analysis of a subject's bioelectric impedance 
will now be described with reference to Figure 1. 

20 As shown the apparatus includes a measuring device 100 including a processing system 102, 
connected to one or more signal generators 117A, 117B, via respective first leads 123A, 123B, 
and to one or more sensors 118A, 118B, via respective second leads 125 A, 125B. The 
connection may be via a switching device, such as a multiplexer, although this is not essential. 

In use, the signal generators 117A, 117B are coupled to two first electrodes 113A, 113B, which 
25 therefore act as drive electrodes to allow signals to be applied to the subject S, whilst the one or 
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more sensors 118A, 118B are coupled to the second electrodes 115A, 115B, which act as sense 
electrodes, allowing signals across the subject S to be sensed. 

The signal generators 1 17 A, 1 17B and the sensors 1 18A, 1 18B may be provided at any position 
between the processing system 102 and the electrodes 113A, 113B, 115A, 115B, and may be 
5 integrated into the measuring device 100. However, in one example, the signal generators 1 17A, 
117B and the sensors 118A 5 118B are integrated into an electrode system, or another unit 
provided near the subject S, with the leads 123A, 123B, 125A, 125B connecting the signal 
generators 1 17A, 1 17B and the sensors 1 18 A, 1 18B to the processing system 102. 

It will be appreciated that the above described system is a two channel device, used to perform a 
10 classical four-terminal impedance measurement, with each channel being designated by the 
suffixes A, B respectively. The use of a two channel device is for the purpose of example only, 
as will be described in more detail below. 

An optional external interface 103 can be used to couple the measuring device 100, via wired, 
wireless or network connections, to one or more peripheral devices 104, such as an external 
15 database or computer system, barcode scanner, or the like. The processing system 102 will also 
typically include an I/O device 105, which may be of any suitable form such as a touch screen, a 
keypad and display, or the like. 

It will be appreciated that in practice, the processing system 102 will typically include a 
memory, or other store, for storing software. The software provides instructions that cause a 
20 processor within the processing system to perform the processes required to perform and/or 
interpret impedance measurements, as will be described in more detail below. 

In use, the processing system 102 is adapted to generate control signals, which cause the signal 
generators 117A, 117B to generate one or more alternating signals, such as voltage or current 
signals of an appropriate waveform, which can be applied to a subject S 9 via the first electrodes 
25 113A, 113B. The sensors 118A, 118B then determine the voltage across or current through the 
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subject S 9 using the second electrodes 115A 5 115B and transfer appropriate signals to the 
processing system 102. 

Accordingly, it will be appreciated that the processing system 102 may be any form of 
processing system which is suitable for generating appropriate control signals and at least 
5 partially interpreting the measured signals to thereby determine the subject's bioelectrical 
impedance, and optionally determine other information such as the presence, absence or degree 
of conditions, such as oedema, lymphoedema, measures of body composition, cardiac function, 
or the like. 

The processing system 102 may therefore be a suitably programmed computer system, such as a 
10 laptop, desktop, PDA, smart phone or the like. Alternatively the processing system 102 may be 
formed from specialised hardware, such as an FPGA (field programmable gate array), or a 
combination of a programmed computer system and specialised hardware, or the like. 

In use, the first electrodes 1 13 A, 1 13B are positioned on the subject to allow one or more signals 
to be injected into the subject S. The location of the first electrodes will depend on the segment 
15 of the subject S under study. Thus, for example, the first electrodes 113A, 113B can be placed 
on the thoracic and neck region of the subject S to allow the impedance of the chest cavity to be 
determined for use in cardiac function analysis. Alternatively, positioning electrodes on the 
wrist and ankles of a subject allows the impedance and hence fluid levels in the limbs and/or the 
entire body to be determined, for use in oedema analysis, or the like. 

20 Once the electrodes are positioned, one or more alternating signals are applied to the subject S, 
via the first leads 123A, 123B and the first electrodes 1 13A, 1 13B. The nature of the alternating 
signal will vary depending on the nature of the measuring device and the subsequent analysis 
being performed. 
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Typically the system uses Multiple Frequency Bioimpedance Analysis (MFBIA) in which 
multiple signals, each having a respective frequency are injected into the subject S, with the 
measured impedances being used in the assessment of fluid levels. 

In one example, the applied signal is generated by a voltage generator, which applies an 
5 alternating voltage to the subject S 9 although alternatively current signals may be applied. In one 
example, the voltage source is typically symmetrically arranged, with each of the signal 
generators 117A, 117B being independently controllable, to allow the signal voltage across the 
subject to be varied. 

A voltage difference and/or current is measured between the second electrodes 115A, 115B. In 
10 one example, the voltage is measured differentially, meaning that each sensor 118A, 118B is 
used to measure the voltage at each second electrode 115A, 115B and therefore need only 
measure half of the voltage as compared to a single ended system. 

The acquired signal and the measured signal will be a superposition of voltages generated by the 
human body, such as the ECG (electrocardiogram), voltages generated by the applied signal, and 
15 other signals caused by environmental electromagnetic interference. Accordingly, filtering or 
other suitable analysis may be employed to remove unwanted components. 

The acquired signals are then used to determine first and second parameter values, such as 
resistance and reactance values, at each frequency. In one example, this is achieved using an 
algorithm to derive an amplitude and phase signal at each frequency, with these values in turn 
20 being used to derive the resistance and reactance values. 

As part of the above described process, the distance between the second electrodes 115A, 115B 
may be measured and recorded. Similarly, other parameters relating to the subject may be 
recorded, such as the height, weight, age, sex, health status, any interventions and the date and 
time on which they occurred. Other information, such as current medication, may also be 
25 recorded. This can then be used in performing further analysis of the impedance measurements, 
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so as to allow determination of the presence, absence or degree of oedema, to assess body 
composition, or the like. 

An example of a processor for determining a fluid level indicator will now be described with 
reference to Figure 2. 

5 In this example, the first stage is for impedance measurements to be performed on at least a body 
segment of the subject. This is typically achieved by having the processor control the signal 
generators 117A, 117B, to cause the signal generators to apply an electrical signal having a 
known frequency to the subject S at step 200 with electrical signals across and/or through the 
subject being measured at step 210 using the sensors 118A, 118B. It will be appreciated that 
10 whilst an indication of both the current flow through the subject and voltage across the subject 
are required to calculate an impedance, it is not necessary to measure both of these as one may 
be derived based on information regarding the signals applied to the subject. 

The impedance measurements are performed at at least three frequencies. Indications of the 
signals are used by the processor to determine first and second impedance parameter values at 
15 each of the frequencies, at step 220. The nature of the impedance parameter values will vary 
depending on the preferred implementation. Thus, for example the impedance parameter values 
could include magnitude and phase information relating to the measured signals. However, in 
one example the impedance parameter values are indicative of the resistance and reactance, as 
derived from the magnitude and phase signals. 

20 At step 230 simultaneous equations are solved by the processor using the first and second 
impedance parameter values determined at each of the three frequencies, thereby allowing circle 
parameters to be determined. The circle parameters are used to define a locus corresponding to 
at least part of an arc of a circle in a space defined by the parameter values. Thus, in one 
example, the simultaneous equations represent a circular locus provided in a reactance/resistance 

25 space, also commonly referred to as a Cole plot or Wessel plot as will be described in more 
detail below. 



WO 2010/051600 



PCT/AU2009/001461 



- 15- 

At step 240 the processor determines a theoretical impedance value from the circle parameters. 
Whilst any theoretical impedance value may be determined, in one example, this is an 
impedance value representing a low frequency impedance. The impedance value is typically 
indicative of the impedance that will be obtained for an applied signal of less than 500 kHz, 
5 typically less than 50 kHz and preferably at 0 kHz, often referred to as R 0 . 

At step 250, the theoretical impedance value is used by the processor in determining an indicator 
indicative of fluid levels. In one example the impedance at low frequency is directly 
proportional to the amount of extracellular fluid (ECF) in the subject and accordingly, the 
theoretical impedance value can simply be used directly as the indicator of extracellular fluid 
10 levels. However, this may be combined with information, such as impedance values from other 
body segments, allowing a relative extracellular fluid level within the body segment, as 
compared to a reference body segment, to be established. 

Additionally, other information, such as the resistance at infinite frequency may be used 
allowing an index representing the ratio of intra to extracellular fluids to be determined, as will 
15 be described in more detail below. 

Figure 3 is an example of an equivalent circuit that effectively models the electrical behaviour of 
biological tissue. The equivalent circuit has two branches that represent current flow through 
extracellular fluid and intracellular fluid (ICF). The extracellular component of biological 
impedance is represented by R e and the intracellular component is represented by R t . Capacitance 
20 of the cell membrane in the intracellular path is represented by C. 

The relative magnitudes of the extracellular and intracellular components of impedance of an 
alternating current (AC) are frequency dependent. At zero frequency the capacitor acts as a 
perfect insulator and all current flows through the extracellular fluid, hence the resistance at zero 
frequency, R 0 , equals R e . At infinite frequency the capacitor acts as a perfect conductor and the 
25 current passes through the parallel resistive combination. The resistance at infinite frequency is 
given by R^ = R h RJ(Rf¥RJ. 
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Accordingly, the impedance of the equivalent circuit of Figure 3 at an angular frequency o, 
where oo=27i;* frequency, is given by: 

Z = fe+ R *~ R * (1) 

\ + (jCOT) 

where: 

5 Rod = impedance at infinite applied frequency = RiR e /(Ri+R e ), 

R 0 = impedance at zero applied frequency = R e and, 
x is the time constant of the capacitive circuit. 

However, the above represents an idealised situation which does not take into account the fact 
that the cell membrane is an imperfect capacitor. Taking this into account leads to a modified 
10 model in which: 

Z = R»+ R °~ R : a) (2) 

where a has a value between 0 and 1 and can be thought of as an indicator of the deviation of a 
real system from the ideal model. 

The impedance response can be represented by a "Wessel" plot (also referred to as a Cole model 
15 or Cole-Cole plot), which is a plot of the vector sum of the resistance R and reactance Xthat sum 
to impedance Z. An example Wessel plot is shown in Figure 4. 

The Wessel plot is often used in BIS (Bioimpedance Spectroscopy) Bioimpedance Spectroscopy 
(BIS) devices, which perform multiple measurements over a range of frequencies, such as from 4 
kHz to 1000 kHz, using 256 or more different frequencies within this range. The measured 
20 impedance data are used to generate a Cole plot, similar to that shown in Figure 4. A regression 
procedure is then used to fit the measured data to the theoretical semi-circular locus, allowing 
values for Rao and R 0 . 
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The regression analysis is computationally expensive, requiring a device with significant 
processing power to perform the calculations, which in turn results in relatively high power 
usage by the apparatus, requiring a larger battery, and adding to the weight and size of the 
apparatus. 

A further issue is that a large number of data points a required to perform the regression analysis, 
and as measurements are typically performed at each frequency sequentially, the measurement 
process takes a significant amount of time, such as several seconds. This is undesirable as 
remaining still for long periods of time can cause discomfort for the subject. Additionally, the 
subject may move during the measurement procedure, which can affect the measured impedance 
values, for example due to changes in capacitive and/or inductive coupling between the subject 
and environment, leads and electrodes. This can lead to inaccuracies in the measured values. 

A circle may be described by the equation: 



where: i and j are the centre of the circle and r is the radius. 

Additionally, a circle may be uniquely defined by the co-ordinates of three points (xi-3, yi.3) 
located on the locus, as shown in Figure 4. Accordingly, three simultaneous equations can be 
defined, one for each of three loci that describe the circle that fits these points, as shown by 
equations (4) below. 



Solving these three simultaneous equations allows calculation of the radius (r) and the co- 
ordinates of the centre of the circle (i, j). From these data, R 0 and Rao are readily computed from 
geometric first principles. 



(x-i) 2 + (y-j) 2 = r 2 



(3) 



(x,-i) 2 + (y,-j) 2 = r 2 
(x 2 -i) 2 + (y 2 -j) 2 = r 2 
(x 3 ~i) 2 + (y3-j) 2 = r 2 



(4) 
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Accordingly, this techniques allows a value for R 0 and optionally Rao to be derived in a 
computationally less expensive manner than if a regression analysis is performed. Additionally, 
this also requires a reduced number of data points. This allows a value of R 0 to be determined 
more rapidly, and with a more basic processor than can be achieved using BIS and regression 
5 analysis, which in turn renders the device required to determine a value of R 0 less expensive to 
manufacture. 

One potential disadvantage of the use of simultaneous equations is that if one of the impedance 
measurements is inaccurate for any reason, this can lead to a large deviation in the calculated 
value of R 0 . Accordingly, in one example, impedance measurements are performed at more than 

10 three frequencies, with circle parameters for all possible combinations of impedance 
measurements at three frequencies being calculated. The average can be provided along with the 
standard deviation as a measure of the goodness of fit of the data to the Cole model. In the event 
that one of the measurements is inaccurate, this can be accounted for by excluding one or more 
outlier measurements, such as measurements that deviates the greatest amount from the mean, or 

15 measurements differing by more than a set number of standard deviations from the mean, 
allowing the mean to be recalculated, thereby providing more accurate values. 

Whilst this process uses additional measurements, such as four or five measurements, this is still 
significantly less than the 256 or more frequencies typically performed using a BIS measurement 
protocol, allowing the measurement process to be performed more quickly. 

20 An example of the process for determining a fluid level indicator that can be used for example 
for diagnosing unilateral limb oedema will now be described in more detail with reference to 
Figure 5. 



25 



In this example, at step 500 subject details are optionally determined and provided to the 
processing system 102. The subject details will typically include information such as limb 
dominance, details of any medical interventions, as well as information regarding the subject as 



WO 2010/051600 



PCT/AU2009/001461 



- 19- 

the subject's age, weight, height, sex, ethnicity or the like. The subject details can be used in 
selecting a suitable reference normal population, as will be described in more detail below. 

It will be appreciated that the subject details may be supplied to the processing system 102 via 
appropriate input means, such as the I/O device 105. Thus, each time a subject measurement is 
5 performed this information can be input into the measuring device 100. However, more typically 
the information is input a single time and stored in an appropriate database, or the like, which 
may be connected as a peripheral device 1 04 via the external interface 1 03 . The database can 
include subject data representing the subject details, together with information regarding 
previous oedema indicators, baseline measurements or impedance measurements recorded for 
10 the subject. 

At step 510 the affected limb, or "at risk" limb, is determined. If it is unsure whether a particular 
limb is at risk, the dominant limb can alternatively be indicated as the affected limb as this will 
tend to have different ECF levels to the non-dominant limb. A limb can be designated in any 
one of a number of ways depending on the preferred implementation. Thus, for example, the 
15 affected limb can be indicated through the use of appropriate input means, such as the I/O device 
105. Alternatively this information can be derived directly from the subject details, which may 
include an indication of the affected limb, or details of any medical interventions performed, 
which are in turn indicative of the affected limb. 

Additionally, if the subject has, or is suspected of having, bilateral oedema, then in this instance 
20 an alternative body segment, such as a leg may be used as the unaffected limb, and this may be 
indicated to allow a different reference to be selected. 

At step 520 an operator positions the electrodes 113A, 113B, 115A, 115B on the subject £, and 
connects the leads 123A, 123B, 125A, 125B, to allow the impedance measurements to be 
performed. The general arrangement is to provide electrodes on the hand at the base of the 
25 knuckles and between the bony protuberances of the wrist, as shown in Figure 6A, and on the 
feet at the base of the toes and at the front of the ankle, as shown in Figure 6B. The 
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configurations shown in Figures 6C and 6D allow the right arm 631 and the right leg 633 to be 
measured respectively, and it will be appreciated that equivalent arrangements can be used to 
measure the impedance of the left leg and left arm. 

It will be appreciated that this configuration uses the theory of equal potentials, allowing the 
5 electrode positions to provide reproducible results for impedance measurements. For example 
when current is injected between the drive electrodes 113A, 113B in Figure 6C, the electrode 
115B could be placed anywhere along the left arm 632, since the whole arm is at an equal 
potential. 

This is advantageous as it greatly reduces the variations in measurements caused by poor 
10 placement of the electrodes by the operator. It also greatly reduces the number of electrodes 
required to perform segmental body measurements, as well as allowing the limited connections 
shown to be used to measure each of limbs separately. 

However, it will be appreciated that any suitable electrode and lead arrangement may be used. 

In this example, at step 530 the impedance of the affected and contralateral limbs is measured at 
15 a number of frequencies. This is achieved by applying one or more current signals to the subject 
and then measuring the corresponding voltages induced across the subject S. It will be 
appreciated that in practice the signal generators 1 17 A, 1 17B and the sensors 1 18 A, 1 18B, return 
signals to the processing system 102 indicative of the current flow resulting from the applied 
signal, and the measured voltage signals, allowing impedance parameter values to be 
20 determined. 

Following this a limb impedance ratio IR is determined. The impedance ratio is based on 
impedance parameter values, such as values of the impedance at zero, characteristic or infinite 
frequencies (R 0 , Z c , i?oo). Accordingly, at step 540, these values can be derived based on the 
impedance response of the subject, using the simultaneous equations, as described above. 
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The use of an impedance ratio is desirable as this accounts for overall changes in fluid levels, 
which would generally lead to a relatively constant increase or decrease in the measurements for 
each limb, thereby reducing the likelihood of an overall fluid level change being incorrectly 
interpreted as a fluid level change in one limb only. 

Oedema results in an increase in extracellular fluid levels in the affected limb. As the impedance 
parameter value R 0 is generally indicative of extra-cellular fluid levels, this can be used to derive 
a fluid level indicator that is in turn indicative of the presence, absence or degree of oedema at 
step 550, as shown in equation (5): 



However, other impedance parameters can be used. For example, the impedance ratio can be 
determined by calculating an index based on a ratio of the ECF and ICF levels for a respective 
limb, with the impedance ratio being determined based on a ratio of the index for the affected 
limb to the unaffected limb. The index (I) can be calculated using the equation (6): 



IR = 



R Q ul 
R 0 al 



(5) 



where: IR is the impedance ratio representing the fluid level 

RqiiI is the impedance of the unaffected limb at zero frequency 
R 0 al is the impedance of the affected limb at zero frequency 



R, 



■CO 



(6) 



In this example, the fluid level indicator is given by: 



IR = 



affected 



(7) 




At step 560 a reference is selected. The reference is typically derived from equivalent 
measurements made on a normal population (subject's not suffering from oedema) that is 
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relevant to the subject under study. Thus, the normal population is typically selected taking into 
account factors such as medical interventions performed, ethnicity, sex, height, weight, limb 
dominance, the affected limb, or the like. 

Therefore if the test subject has unilateral lymphoedema of the dominant arm and is female then 
5 the normalised data drawn from the normal population database will be calculated from the 
dominant arm impedance ratio measurements from female subjects that are present in the normal 
population database. If the subject has bilateral arm oedema, then typically the unaffected limb 
is taken to be one of the subject's legs, and a reference based on a ratio of an arm to a leg in the 
normal population is used. 

10 Accordingly, at this stage the processing system 102 typically accesses reference populations 
stored in the database, or the like. This may be performed automatically by the processing 
system 102 using the subject details. Thus for example, the database may include a look-up 
table that specifies the normal population that should be used given a particular set of subject 
details. Alternatively selection may be achieved in accordance with predetermined rules that can 

15 be derived using heuristic algorithms based on selections made by medically qualified operators 
during previous procedures. Alternatively, this may be achieved under control of the operator, 
depending on the preferred implementation. 

It will be appreciated by persons skilled in the art that operators may have their own reference 
stored locally. However, in the event that suitable references are not available, the processing 
20 system 102 can be used to retrieve a reference from a central repository, for example via an 
appropriate server arrangement. In one example, this may be performed on a pay per use basis. 

Alternatively, in the event that a suitable reference is not available predetermined standard 
reference values may be used. 

In one example, the reference values are based on a comparison of the impedance ratio to a 
25 normal range of impedance ratios established in a healthy population. Patient's whose 
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impedance ratio is greater than 3 standard deviations away from the mean ratio are defined as 
having lymphoedema. 

A slight and known effect on the impedance ratio is induced by limb dominance; therefore there 
are two sets of normal impedance ratios for the arms of women for example. One when the 
5 dominant arm is defined as the at-risk arm and one when the non-dominant arm is defined as the 
at-risk arm Example population mean and standard deviations for female subjects are set out in 
table 1 below. 



Table 1 



standard deviation 


at-risk arm 


at-risk arm non 




dominant 


dominant 


-3a 


0.935 


0.862 


-2a 


0.969 


0.896 


-la 


1.003 


0.930 


M 


1.037 


0.964 


+ la 


1.071 


0.998 


+2a 


1.105 


1.032 


+3a 


1.139 


1.066 



In one example, the reference values are based on the mean impedance ratio, and an impedance 
10 ratio value three standard deviations from the mean impedance ratio for the normal population, 
and example values are set out below. However it will be appreciated that different values can 
be used as appropriate and that these values are for illustration only: 
^=1.037 
3<r= 1.139 

15 As an alternative to using different references based on the limb dominance, gender, or the like, 
a further variation is for the impedance ratio to be modified using a correcting factor to take into 
account differences in fluid levels caused by limb dominance, or the need to measure 
impedances of dissimilar limbs. In this instance, the fluid level indicator based on the 
impedance ratio is calculated, and then modified using the correcting factor, allowing the 

20 modified fluid level indicator to be compared to default reference values. The correcting factor 
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may be established by surveying subjects unaffected by lymphoedema, and will typically be 
based on mean values for the population. 

It will be appreciated that establishing a respective correction factor for each particular body 
segment combination that may be used allows a common reference to be used for performing 
5 any subsequent analysis of fluid levels. Alternatively, however, differences in fluid levels within 
different body segments or limbs can be accounted for by selecting a respective reference for the 
particular limb or body segment combination being measured. 

At step 570 the fluid level indicator in the form of the impedance ratio, or a corrected impedance 
ratio, can be compared to a threshold based on the reference, with an indication of the result of 
10 the comparison being displayed at step 580. In one example, this can be achieved by displaying 
the fluid level indicator, such as the impedance ratio, together with any threshold based on the 
reference, thereby allowing visual comparison. Alternatively, the result of the comparison can 
be used to determine an oedema indicator used in assessing the presence, absence or degree of 
oedema. 

15 In one example, an oedema indicator is determined by scaling the impedance ratio using the 
reference population, and in particular using the mean and the standard deviation of the 
reference. This can be performed so that the presence of oedema is indicated by a memorable 
value. To achieve this, in one example, the transformation of the impedance ratio to an oedema 
indicator value is governed by the following formula: 



20 



L - Dex = 



sfx(lR-ju) 



(8) 



3a -ju 



where: 



L-Dex is the oedema indicator 



IR is the impedance ratio 

/u is the mean impedance ratio for a reference population 
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3a is impedance ratio value that is three standard deviations from 
the mean population impedance ratio value 
sf is the scaling factor 

The scaling factor is selected so that the thresholds correspond to a memorable value, and in 
5 particular, the scaling factor is typically an integer value, and more typically a multiple of ten. 
Thus, in one example, the scaling factor is set to a value of "10", so that the threshold occurs at 
"10". As a result, an oedema indicator value of greater than "10" is indicative of oedema, whilst 
a value of below "10" is used to indicate an absence of oedema. 

For example, if a subject S whose at-risk arm is the dominant arm and has an impedance ratio of 
10 1.207, the subject's impedance ratio is scaled using a suitable normal population. For the 
purpose of this example, the normal population has a mean impedance ratio value of 1.037 and a 
three standard deviation value of 1.139. This leads to an oedema indicator of: 

L~Dex = (1.207-1. 037)xl0/ (1.139-1.037) = 16.6 

The fluid level indicator, and optionally the oedema indicator can be stored together with any 
15 relevant information, such as the time and date on which the measurement was performed, 
details of the operator of the measuring device 100, or the like. This allows for the measured 
oedema indicator to be subsequently retrieved and used in tracking the development and/or 
progression of the oedema, allowing the effectiveness or need for treatment to be evaluated. 

Display of the representation may be achieved in a number of ways, such as by presenting the 
20 representation on a suitable display, for example, using the I/O device 105, or alternatively by 
providing the representation in a hard copy form using an appropriate printer, although any 
suitable technique may be used. 

A comparison of the above described technique simultaneous equation technique versus the 
regression analysis of BIS was performed using groups of subjects, characteristics of which are 
25 outlined in Table 1 below. 



WO 2010/051600 



PCT/AU2009/001461 



-26- 



Table 2 





Group A 


Group B 


Group C 


No. of subjects 


46 


66 


45 


Male:female 


14:32 


39:27 


24:21 


Age (y) 


33.1 ±9.7 


37.8 ±7.1 


39.1 ±5.3 


Weight (kg) 


63.6 ±9.3 


82.4 ± 9.0 


102.6 ±13.1 


Height (cm) 


169.1 ±8.9 


172.5 ±9.6 


174.1 ±9.0 


Fat-free mass (kg) 


47.7 ±9.0 


56.1 ± 11.0 


61.4 ±11.4 


BMI(kg/m 2 ) 


22.1 ±2.0 


27. 7 ±7.5 


33.7 ±3.0 



Where, BMI is the body mass index and the Fat-free mass assessed by dual X-ray 
absorptiometry (DXA). 

Whole-body, wrist-to-ankle, impedance was measured using the tetrapolar electrode 
5 arrangement shown in Figures 6C and 6D, technique while the subjects had been lying prone for 
the duration of the DXA scan (20 min). Impedance measurements data were collected at 496 
discrete logarithmically spaced frequencies in the range of 4 to 1024 kHz. Impedance (ohm) and 
phase angle (degrees) were recorded. 

The resulting reactance and resistance values were fitted to the Cole model, with estimates for 
10 the impedance parameter values R 0 , Rco being determined by fitting reactance and resistance to 
the semicircular locus. A percent standard error of the estimate of the radius of the fitted curve 
was used as the goodness of fit parameter. 

Additionally, resistance and reactance values for four selected frequencies were determined. In 
this example, this process was performed at two different sets of four frequencies, designated as 
15 MFBIA-1 and MFBIA-2, respectively. The selected frequencies were as follows: 

MFBIA-1 - 14.2 kHz, 56.9 kHz, 187.5 kHz, and 679.1 kHz; 

MFBIA-2 - 25 kHz, 50 kHz, 100 kHz, and 200 kHz. 
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Each of these four frequencies were fitted to a semicircular locus, as predicted by the Cole 
model, allowing the simultaneous equation techniques described above to be performed. As 
only three points on the circumference of a circle are required to define the circle, all possible 
combinations of three reactance-resistance loci from the four available pairs of data were used to 
5 produce estimates of R 0 and R^- 

The mean value with its associated standard error, as the index of goodness of fit, was 
determined. 

The means and standard deviations of data for subjects in each BMI band were calculated. The 
different methods for the calculation of R 0 and Rco were compared by concordance correlation 
10 analysis with values for individuals compared by paired / test and the limits of agreement 
method of Bland and Altman. 

All impedance data fitted the Cole model well irrespective of the method of derivation as 
indicated by the measurements of goodness of fit shown in Table 2, with percent standard errors 
all being less than 5%. Goodness of fit was similar for all three BMI groups when parameters 
15 were estimated by conventional BIS analysis. Both MFBIA methods estimated Rco with a greater 
degree of precision, as indicated by the smaller standard error for repeat determinations, than Ro, 
although for method MFBIA- 1, precision worsened as BMI of the subjects increased and was 
generally worse than that observed for method MFBIA-2. In contrast, Rco was estimated with 
greater precision by method MFBIA- 1 than by method MFBIA-2. 

20 Table 3 





Group A 


Group B 


Group C 




(« = 46) 


(n = 66) 


(n = 45) 




BMI <24.9 


BMI 25-29.9 


BMI > 30 




kg/m 2 


kg/m 2 


kg/m 2 


MFBIA- 1 (14.2, 56.9, 187.5, and 679.1 kHz) 






Ro 


1.46 ±0.23 


2.98 ± 0.43 


3.08 ±0.60 


Rco 


0.16 ±0.02 


0.30 ±0.07 


0.23 ±0.02 
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MFBIA-2 (5, 50, 100 and 200 kHz) 






Ro 


1.11 ±0.14 


1.33 ±0.17 


1.17 '±0.15 


Roo 


0.67 ±0.15 


0.64 ±0.12 


0.51 ±0.07 


BIS 






Model fit 


1.52 ±0.10 


2.05 ±0.17 


1.58 ±0.11 



A comparison of the resulting impedance parameter values are shown in Table 4. 



Table 4 





MFBIA-1 frequencies 14.2, 56.9, 187.5, and 679.1 kHz 




BIS method 


MFBIA-1 


P 


r 


Agreement (%; 2 SD) 


Normal-weight subjects (BMI <24.9 kg/m 2 ) 


Ro(Q) 


667.1 ±79.1 


675.5 ± 82.5 


0.003 


0.970 


-6.6 to 4.1 


Rco (O) 


458.3 ± 69.3 


467.7 ± 65.4 


0.001 


0.975 


-7.3 to 3.2 


Overweight subjects (BMI 25-29.9 kg/m 2 ) 


Ro(O) 


596.4 ±64.6 


608.3 ± 68.2 


0.011 


0.946 


-7.9 to 2.8 


Rco (O) 


390.8 ±53.4 


398.7 ± 54.4 


0.001 


0.967 


-7.8 to 3.7 


Obese subjects (BMI > 30 kg/m 2 ) 


Ro(Q) 


563.3 ±58.7 


580.8 ±72.1 


0.001 


0.914 


-10.6 to 4.4 


Rco (O) 


368.3 ±47.4 


378.0 ± 49.4 


0.001 


0.951 


-8.9 to 3.6 








MFBIA-2 frequencies 5, 50, 100, and 200 kHz 




BIS method 


MFBIA-2 


p 


r 


Agreement (%; 2 SD) 


Normal-weight subjects (BMI <24.9 kg/m 2 ) 


Ro(O) 


667.1 ±79.1 


666.0 ± 77.0 


NS 


0.986 


-3.7 to 4.0 


Rco (O) 


458.3 ± 69.3 


469.4 ± 67.5 


0.001 


0.967 


-8.5 to 3.6 


Overweight subjects (BMI 25-29.9 kg/m 2 ) 


Ro(O) 


596.4 ±64.6 


595.0 ± 64.4 


NS 


0.971 


-4.8 to 5.3 


Rco (Q) 


390.8 ±53.4 


402.2 ±55.2 


0.001 


0.954 


-9.1 to 3.2 


Obese subjects (BMI >30 kg/m 2 ) 


Ro(O) 


563.3 ±58.7 


561.3 ±61.3 


NS 


0.985 


-3.1 to 3.8 
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Rco(O) 


368.3 ±47.4 


379.2 ±50.5 


0.001 


0.944 


-9.6 to 3.7 



The above data show that all three methods for estimating R 0 and Rco are highly correlated (r _ 
0.91; Table 4). 

The two methods based on MFBIA measurements generally estimated slightly higher values for 
R 0 and Rex? compared with traditional BIS, although this bias was small, averaging 2%, and was 
5 similar in magnitude for both methods. 

Absolute values of R 0 and Rco decreased as BMI increased and generally the correlations 
between the MFBIA and BIS methods worsened slightly with increasing BMI, particularly for 
Rco. Correlations with BIS were slightly lower for MFBIA- 1 compared with MFBIA-2 for R 0 , 
whereas the opposite pattern, higher correlations for MFBIA-2 with BIS, were observed for Rco. 

10 Accordingly, the optimized frequency method MFBIA- 1 estimated Rco more closely to the 
corresponding BIS values, whereas method MFBIA-2 was better at estimating R 0 compared with 
BIS. Correspondingly, the limits of agreement for R 0 between the BIS and MFBIA methods were 
slightly larger by method MFBIA- 1 than by method MFBIA-2, whereas, for Rco, the limits of 
agreement were greater for method MFBIA-2. Generally, R 0 was estimated more accurately, 

15 based on correspondence with BIS values as the reference, than Rco. 

Accordingly, this demonstrates that the above described technique using the simultaneous 
equations provides an adequate substitution for the more extensive BIS measurement protocol, 
whilst allowing the method to be implemented using a more straightforward device, and with a 
reduced measurement time. 

20 It is also apparent that selection of a suitable choice of frequencies of measurement can improve 
the resulting agreement with the BIS measurements. In particular, in the above described 
examples, when it is desired to calculate Ro it is apparent that avoiding higher frequencies may 
be desirable. One reason for this is that the frequency range used more accurately represents the 
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frequency of the impedance parameter value being calculated. Another factor is that higher 
frequency measurements tend to be more prone to error due to noise. 

In one example, the preferred frequencies for use in calculating R 0 using MFBIA and 
simultaneous equations is are in the frequency range 10 to 500 kHz, thereby avoiding more error 
5 prone higher frequencies. In another example, four frequencies used are in the range 25 kHz to 
200 kHz. 

Further improvements can be achieved by taking steps to reduce the impact of errors. 

In one example, this is achieved by generating the impedance ratio described above. It will be 
appreciated that the impedance ratio is based on the impedance parameters measured for each 

10 limb. Accordingly, if there is an inaccuracy in the calculated impedance parameter, due to the 
calculation used, this will tend to be similar for each measurement. Thus, for example, the 
calculated impedance parameter R 0 may be slightly increased as compared to a more accurate 
value determined for example using BIS. However, if there is an increase for each limb, or limb 
segment, then the relative magnitude of this error will be reduced when the impedance ratio is 

1 5 calculated, thereby overcoming the inaccuracies to a large degree. 

In this regard, the accuracy of the measurement of impedance can be subject to a number of 
external factors. These can include, for example, the effect of capacitive coupling between the 
subject and the surrounding environment, the leads and the subject, the electrodes, or the like, 
which will vary based on factors such as lead construction, lead configuration, subject position, 
20 or the like. Additionally, there are typically variations in the impedance of the electrical 
connection between the electrode surface and the skin (known as the "electrode impedance"), 
which can depend on factors such as skin moisture levels, melatonin levels, or the like. A further 
source of error is the presence of inductive coupling between different electrical conductors 
within the leads, or between the leads themselves. 
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Such external factors can lead to inaccuracies in the measurement process and subsequent 
analysis and accordingly, it is desirable to be able to reduce the impact of external factors on the 
measurement process. 

One form of inaccuracy that can arise is caused by the voltages across the subject being 
5 unsymmetrical, a situation referred to as an "imbalance". Such a situation results in a significant 
signal voltage at the subject's body centre, which in turn results in stray currents arising from 
parasitic capacitances between the subject's torso and the support surface on which the subject is 
provided. 

The presence of an imbalance, where the voltage across the subject is not symmetrical with 
10 respect to the effective centre of the subject, leads to a "common mode" signal, which is 
effectively a measure of the signal at the subject S that is unrelated to the subject's impedance. 

To help reduce this effect, it is therefore desirable for signals to be applied to the subject S that 
they result in a symmetrical voltage about the subject's body centre. As a result, a reference 
voltage within the subject S, which is equal to a reference voltage of the measurement apparatus, 
15 will be close to the effective body centre of the subject, as considered relative to the electrode 
placement. As the measuring device reference voltage is typically ground, this results in the body 
centre of the subject S being as close to ground as possible, which minimises the overall signal 
magnitude across the subject's torso, thereby minimising stray currents. 

In one example, a symmetrical voltage about the sensing electrodes can be achieved by using a 
20 symmetrical voltage source, such as a differential bidirectional voltage drive scheme, which 
applies a symmetrical voltage to each of the drive electrodes 1 13A, 1 13B. However, this is not 
always effective if the contact impedances for the two drive electrodes 113A, 113B are 
unmatched, or if the impedance of the subject S varies along the length of the subject S 9 which is 
typical in a practical environment. 
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In one example, the apparatus overcomes this by adjusting the differential voltage drive signals 
applied to each of the drive electrodes 113 A, 113B, to compensate for the different electrode 
impedances, and thereby restore the desired symmetry of the voltages across the subject S. This 
process is referred to herein as balancing and in one example, helps reduce the magnitude of the 
5 common mode signal, and hence reduce current losses caused by parasitic capacitances 
associated with the subject. 

The degree of imbalance, and hence the amount of balancing required, can be determined by 
monitoring the signals at the sense electrodes 115A, 115B, and then using these signals to 
control the signal applied to the subject via the drive electrodes 113 A, 113B. In particular, the 
10 degree of imbalance can be calculated by determining an additive voltage from the voltages 
detected at the sense electrodes 1 15A, 1 15B. 

In one example process, the voltages sensed at each of the sense electrodes 1 15 A, 1 15B are used 
to calculate a first voltage, which is achieved by combining or adding the measured voltages. 
Thus, the first voltage can be an additive voltage (commonly referred to as a common mode 
15 voltage or signal) which can be determined using a differential amplifier. 

In this regard, a differential amplifier is typically used to combine two sensed voltage signals V a , 
V b , to determine a second voltage, which in one example is a voltage differential V a -V b across the 
points of interest on the subject S. The voltage differential is used in conjunction with a 
measurement of the current flow through the subject to derive impedance values. However, 
20 differential amplifiers typically also provide a "common mode" signal (V a +V b )/2, which is a 
measure of the common mode signal. 

Whilst differential amplifiers include a common mode rejection capability, this is generally of 
only finite effect and typically reduces in effectiveness at higher frequencies, so a large common 
mode signal will produce an error signal superimposed on the differential signal. 
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A specific example of the functionality implemented by the processing system 102 will now be 
described with reference to Figure 7. In this example the processing system 102 implements the 
functionality using appropriate software control, via software stored in a memory, although any 
suitable mechanism may be used. 

5 In this example the processing system 102 includes a timing and control module 700, an 
interface module 701, an analysis module 702, sine wave look up tables (LUTs) 703, 704, a 
current module 705, and a voltage module 706. 

A number of analogue to digital converters (ADCs) 727 A, 727B, 728A, 728B and digital to 
analogue converters (DACs) 729 A, 729B are provided for coupling the processing system 102 to 
10 the sensors 118A, 118B and the signal generators 117A, 117B, as will be described in more 
detail below. 

In use, the processing system 102 determines the frequency and amplitude of signals to be 
applied to the subject S. The timing and control module 700 typically receives this information 
in accordance with input commands received from the input 105 via the interface module 701 
15 and uses this information to access the LUTs 703, 704, which in turn cause a digital sine wave 
signal to be produced based on the specified frequency and amplitude. The digital control signals 
are transferred to the DACs 729A, 729B, to thereby allow analogue control signals indicative of 
the voltage drive signals Vda, V db to be produced. 

Measured analogue voltage and current signals Vsa, Vsb, Isa, Isb are digitised by the ADC's 727, 
20 728 and provided to the current and voltage modules 705, 706. This allows the processing 
system 102 to determine the current flow by having the current module 705 determine the total 
current flow through the subject using the two current signals I SA , Isb, with an indication of this 
being provided to the analysis module 702. The voltage module 706, which is typically in the 
form of a differential voltage amplifier, or the like, operates to determine a differential voltage, 
25 which is also transferred to the analysis module 702, allowing the analysis module to determine 
impedance values using the current and differential voltage signals. 
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In addition to this, the voltage module 706 determines a common mode signal, which is returned 
to the timing and control module 700. This allows the timing and control module 700 to 
determine any imbalance in the voltage sensed at the subject S, which as mentioned above is 
indicative of the reference voltage not being positioned centrally within the subject 8, with 
5 respect to the electrodes. 

If the degree of imbalance is unacceptable the timing and control module 700 can adjust the 
relative amplitude and/or phase of the sine waves representing the voltage drive signals Vm, V DB 
as will be described below, allowing a new differential voltage, hence indication of any 
imbalance, to be determined. 

10 Once the imbalance is determined to be acceptable the timing and control module 700 can 
provide an indication of this to the analysis module 702, allowing this to use appropriate 
analysis, such as phase quadrature extraction, to determine a ratio and phase difference for the 
measured impedance, based on the current flow through the subject and the differential voltage 
signals. The ratio and phase can then be used by to determine reactance and resistance 

15 parameter values and then calculate the fluid level indicator, which can be transferred to a 
display via the interface module 701. 

The control module 700 may also be coupled to a fault detection module 708. This monitors the 
magnitude of signals applied to the subject to determine if these are within acceptable threshold 
levels. If not, the fault detection module 708 can cause the process to be halted or to allow an 
20 alert to be generated. 

An example of the process for performing impedance measurements will now be described with 
reference to Figures 8A to 8C. 

At step 800 an impedance measurement type is selected. At step 810 the processing system 102 
selects a next measurement frequency f u allowing a sequence of digital voltage control signals at 
25 step 815, as described above. The digital control signals are converted to analogue control 
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signals indicative of the voltage drive signals Vda, V db using the DACs 729A, 729B at step 820. 
This allows the analogue control signals to be provided to each of the signal generators 117A, 
1 17B at step 825, causing each signal generator 1 17A, 1 17B to generate respective voltage drive 
signals V DA , V DB and apply these to the subject S at step 830, via the respective drive electrodes 
5 113A, 113B. 

At step 835 the voltage induced across the subject is determined by having the sensors 118A, 
118B sense voltages V SA , V SB at the sense electrodes, 115A, 115B, with the sensed voltage 
signals Vsa, V S b being digitised by the corresponding ADC 727A, 727B at step 840. At step 845 
current signals I S a, Isb 9 caused by application of the voltage drive signals Vda* Vdb, are 
10 determined using the signal generators 117A, 117B. An indication of the current signals I S a, Isb 
are transferred to the ADCs 728A, 728B for digitisation at step 850. 

At step 855 the digitised current and voltage signals Isa, Isb, Vsa, Vsb are received by the 
processing system 102 allowing the processing system 102 to determine the magnitude of the 
applied current I s at step 860. This may be performed using the current addition module 705 in 
15 the above described functional example of Figure 7, allowing the fault detection module 708 to 
compare the total current flow I s through the subject to a threshold at step 865. If it is 
determined that the threshold has been exceeded at step 870 then the process may terminate with 
an alert being generated at step 875. 

This situation may arise, for example, if the device is functioning incorrectly, or there is a 
20 problem with connections of electrodes to the subject, such as if one is not in correct electrical 
contact with the subject's skin. Accordingly, the alert can be used to trigger a device operator to 
check the electrode connections and/or device operation to allow any problems to be overcome. 
It will be appreciated, that any suitable form of corrective action may be taken such as 
attempting to restart the measurement process, reconnecting the electrodes to the subject S, 
25 reducing the magnitude of the current through the subject, or the like. 
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At step 880 the processing system 102 operates to determine a common mode voltage based on 
the amplitude of the sensed voltages Vsa, V S b sensed at each of the electrodes 115A 5 115B, and 
this is typically achieved using the voltage processing module 706 in the above functional 
example. The common mode voltage or common mode signal is then used to determine any 
5 imbalance at step 885. 

At step 890 an assessment is made as to whether the imbalance is acceptable. This may be 
achieved in any one of a number of ways, such as by comparing the amplitude of the common 
mode signal to a threshold, or the like. The threshold will generally be previously determined 
and stored in memory for example during device manufacture or calibration. 

10 In the event that the imbalance is deemed to not be acceptable, then at step 895 the processing 
system 102 modifies the digital control signals representing the voltage drive signals V DA , V DB to 
reduce the imbalance. This is typically achieved by having the processing system 102 
implement an algorithm that adjusts the applied voltage drive signals V DA , V DB to maintain the 
common mode voltage at the centre of the body as close to the device reference voltage as 

15 possible. This is generally achieved by adjusting the amplitude and/or phase of the voltage drive 
signals Vda> V db applied to the subject, using the algorithm. The nature of this adjustment will 
depend on the nature of the imbalance, and an example algorithm will be described in more 
detail below. 

The process can then return to step 820 to allow the modified digital control signals to be 
20 converted to analogue signals using DACs 724, with modified voltage drive signals Vda, Vdb 
being applied to the drive electrodes 113A, 113B. This process is repeated until an acceptable 
balance is achieved. 

Once an acceptable balance is achieved, the processing system 102 operates to determine the 
differential voltage sensed across the subject at step 900. In the functional example described 
25 above with respect to Figure 7, this can be achieved using the differential voltage module 706. 
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At step 905 the analysis module 702 operates to determine ratio and phase signals, representing 
the impedance of the subject S 9 at the applied frequency f f using the current and differential 
voltage signals. In the above functional example, this can be performed using the analysis 
module, and some form of signal analysis, such as phase quadrature analysis, depending on the 
5 preferred implementation. 

At step 910, it is determined if measurements at each of the frequencies have been performed, 
and if not, the process may return to step 810 to allow the process to be repeated at a next 
measurement frequency f f . Otherwise if all required frequencies are complete, the measurement 
process can terminate, allowing the processing system 102 to analyse the impedance 
10 measurements, and determine the fluid level indicator, as described above. 

Accordingly, it will be appreciated that by repeating the above described process this allows a 
number of impedance measurements to be performed over three or four frequencies. 
Furthermore, prior to at least one, and more typically, to each measurement, a check can be 
performed to ensure that the common mode of the subject and the device are approximately 
15 matched, thereby reducing inaccuracies in the measurement procedure. 

An example of an electrode system for a single one of the channels, which incorporates both a 
drive electrode 113 and sense electrode 115, will now be described with reference to Figure 9. 

The electrode system incorporates a first substrate 950, such as a printed circuit board (PCB), or 
the like, having the respective signal generator 117 and sensor 118 mounted thereon. The 
20 general functionality of the signal generator 117 and sensor 118 are represented by the 
components shown. In practice a greater number of components may be used in a suitable 
arrangement, as would be appreciated by persons skilled in the art, and the components shown 
are merely intended to indicate the functionality of the signal generator and the sensor 117, 118. 

The substrate 950 and associated components may be provided in a suitable housing to protect 
25 them during use, as will be appreciated by persons skilled in the art. 
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The signal generator 117 and the sensor 118 are coupled via respective cables 961, 962 to 
conductive pads 963, 965, which may be mounted on a second substrate 960, and which form the 
first and second electrodes 1 13, 1 15, respectively. It will be appreciated that in use, the cables 
961, 962 may include clips or the like, to allow the conductive pads to be easily replaced after 
5 use. 

As will be appreciated, the conductive pads are typically formed from a silver pad, having a 
conductive gel, such as silver/silver chloride gel, thereon. This ensures good electrical contact 
with the subject S. 

The conductive pads may be mounted on the substrate 960, so as to ensure that the conductive 
10 pads 963, 965 are positioned a set distance apart in use, which can help ensure measurement 
consistency. Alternatively the conductive pads 963, 965 can be provided as separate disposable 
conductive pads, coupled to the first substrate 950 by cables 961, 962. Other suitable 
arrangements may also be used. 

In one example, the substrate 960 is formed from a material that has a low coefficient of friction 
15 and/or is resilient, and/or has curved edges to thereby reduce the chances of injury when the 
electrodes are coupled to the subject. The substrate 960 is also typically arranged to facilitate 
electrical contact between the conductive pads 963, 965 and the subject's skin at the typical 
measurement sites, such as the wrist and ankle. This can be achieved by providing a substrate 
960 that adapts to, or is shaped to conform with the irregular shapes and angles of the anatomy. 

20 In this example, the signal generator 1 17 includes an amplifier Aj having an input coupled to a 
cable 951. The input is also coupled to a reference voltage, such as ground, via a resistor Rj. An 
output of the amplifier A } is connected via a resistor R 2 , to a switch SW, which is typically a 
CMOS (complementary metal-oxide semiconductor) switch or a relay that is used to enable the 
voltage source. The switch SW is controlled via enabling signals EN received from the 

25 processing system 102 via a cable 952. 
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The switch SW is in turn coupled via two resistors R 3 , R 4 , arranged in series, and then, via the 
cable 961, to the conductive pad 963. A second amplifier A 2 is provided with inputs in parallel 
with the first of the two series resistor R 3 and with an output coupled via a resistor R 5 , to a cable 
953. 

5 It will be appreciated from the above that the cables 951, 952, 953 therefore forms the lead 123 
of Figure 1 . A range of different resistor values may be used, but in one example, the resistors 
have values of Rj = R 2 = R 5 = 50Q, and R 3 = R 4 = 100n. 

The sensor 118 generally includes an amplifier^ having an input connected via a resistor R 6 , to 
the cable 962. The input is also coupled via a resistor R 7 , to a reference voltage such as a 
10 ground. An output of the amplifier A 3 is coupled to a cable 954, via a resistor R 7 . 

It will be appreciated from the above that the cable 954 therefore forms the lead 125 of Figure 1. 
A range of different resistor values may be used, but in one example, the resistors have values of 
R 6 = 100*2, R 7 = 10MQ and, R 8 = 50ft. 

Optional power cables 955 can be provided for supplying power signals + Ve, -Ve, for powering 
15 the signal generator 117 and the sensor 118, although alternatively an on board power source 
such as a battery, may be used. Additionally, a cable 956 may be provided to allow an LED 957 
to be provided on the substrate 950. This can be controlled by the processing system 102, 
allowing the operating status of the electrode system to be indicated. 

Operation of the signal generator 117 and the sensor 118 will now be described in more detail. 
20 For the purpose of this explanation, the voltage drive signal, current signal and sensed voltage 
will be generally indicated as V D , Is, V s , and in practice, these would be equivalent to respective 
ones of the voltage drive signals, current signals and sensed voltages Vda, Vdb, IsaJsb, Vsa, Vsb in 
the example above. 

In use, the amplifier Aj operates to amplify the analogue voltage signal received from the DAC 
25 729 and apply this to the subject S via the cable 961, so that the applied voltage drive signal V D 
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drives a current signal I s through the subject S. The voltage drive signal V D > will only be applied 
if the switch SW is in a closed position and the switch SW can therefore be placed in an open 
position to isolate the voltage source from the subject S. This may be used if a pair of drive and 
sense electrodes 1 13, 115 are being used to sense voltages only, and are not being used to apply 
5 a voltage drive signal V D to the subject S. Isolating the signal generator 117 from the drive 
electrode 113 removes the unintended return current path(s) that would otherwise be present due 
to the low output impedance of the amplifier Aj 9 thereby constraining current to flow only 
between the two selected drive electrodes 113. Other techniques may be used to achieve a 
similar effect, such as using an amplifier incorporating a high impedance output-disable state. 

10 The current signal I s being applied to the subject S is detected and amplified using the amplifier 
A 2 , with the amplified current signal I s being returned to the processing system 102, along the 
cable 953 and via the ADC 728. 

Similarly, the sensor 118 operates by having the amplifier A 3 amplify the voltage detected at the 
second electrode 115, returning the amplified analogue sensed voltage signal Vs along the cable 
15 954, to the ADC 727. 

The cables 951, 952, 953, 954, 955, 956 may be provided in a number of different configurations 
depending on the preferred implementation. In one example, each of the cables 951, 952, 953, 
954, 955, 956 are provided in a single lead Z, although this is not essential, and the cables could 
be provided in multiple leads, as will be described in more detail below. 

20 Another potential source of error is caused by cross electrode capacitive coupling. As shown in 
Figure 9B, the relative proximity of the electrodes 113, 115 and the corresponding connections 
961, 962, results in an effective capacitance C DS , between the output of the drive amplifier Aj 
and the input of the sense amplifier A 3 . Accordingly, this will cause a parasitic current flow 
between the amplifiers electrodes A h A 3 , which can in turn result in inaccuracies in the 

25 measurements, particularly at higher frequencies. 
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To cancel the cross electrode capacitive coupling a cross electrode capacitance cancelling circuit 
is provided, as shown in Figure 9C, which shows an equivalent circuit modelling the electrical 
responsiveness of the electrodes 1 13, 1 15 in use. 

In this example, the impedances of each electrode 1 13, 1 15 and the subject S are represented by 
5 respective impedances Z 1}3 , Z JJ5 , Z s , formed by respective resistor and capacitor arrangements. 
The cross electrode capacitance cancelling circuit 970 is coupled to the output of the drive 
amplifier A 1 and the input of the sense amplifier A 3 , and includes an inverting amplifier A 4 , 
having an input coupled to the output of the drive amplifier A } . The output of the inverting 
amplifier is connected in series via a resistor R I0 and a capacitor C ]0 , to the input of the sense 
10 amplifier A3. 

In this arrangement any signal output from the drive amplifier A } will be inverted and then 
applied to the input of the sense amplifier A 3 . By selecting appropriate values for the resistor R ]0 
and a capacitor C J0 , this allows the inverted signal to have a magnitude equal to the magnitude of 
any signal resulting from the effective cross electrode capacitance Cos- 

15 In one example, the resistance and/or capacitance of the resistor R J0 and capacitor Cj 0 
respectively, can be adjusted, through the use of suitable adjustable components, such as a 
variable resistor or capacitor. This allows the magnitude and/or phase of the inverted signal to 
be controlled so that it effectively cancels the signal resulting from the effective cross electrode 
capacitance C DS - It will be appreciated that adjustment of the components may be performed 

20 during a calibration process, which will typically include the complete electrode unit together 
with its associated electrodes attached so that all parasitic capacitances are accurately 
represented. 

Accordingly, the cross electrode capacitance cancelling circuit 970 provides an effective 
negative capacitance between the drive electrode 113 and corresponding sense electrode 115, so 
25 that a negative current flow occurs, thereby cancelling the parasitic current. This therefore 
negates the effect of any capacitive coupling between the drive and sense electrodes 1 13, 1 15. 
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The electrode system may also include an input capacitance cancelling circuit, an example of 
which is shown in Figure 9D. 

In use, the sense electrodes 115 can capacitively couple to the environment, which results in an 
effective input capacitance C E i at the input of the sense amplifier A 3 . The effective capacitance 
5 allows signal leakage from the input of the sense amplifier to ground, thereby reducing the signal 
available at the amplifier input. 

Accordingly, in this example, an input capacitance cancelling circuit 980 is provided which 
connects the positive amplifier input of the sense amplifier A 3 to the output of the sense 
amplifier, via a resistor R u and a capacitor C n . This acts as a positive feedback loop, allowing a 

10 proportion of the amplified signal to be returned to the amplifier input. This acts to cancel the 
reduction in signal at the amplifier input that is caused by the effective input capacitance C E u and 
therefore provides an effective negative capacitance that cancels the effect of the effective input 
capacitance C E i at the amplifier input. Again, the input capacitance cancelling circuit requires 
tuning, which can be achieved during calibration by suitable adjustment of the values of the 

1 5 resistor R j } and/or the capacitor Cjj. 

As briefly mentioned above, when separate leads 123, 125, are used for the voltage signal V s and 
the current signal I Si then inductive coupling between the leads 123, 125 can result in EMFs 
being induced within the leads 123, 125. The magnitude of the EMF is dependent on the degree 
of coupling between the leads 123, 125 and hence their physical separation, and also increases in 
20 proportion to the frequency and amplitude of the current signal Is. 

The EMF induced within the leads 123, 125 results in an effective EMF across the input of the 
sensor 118, As a result, a component of the sensed voltage signal V s is due to the induced EMF, 
which in turn leads to inaccuracies in the determined voltage signal Vs and the current signal I s . 

The effect of inductive coupling varies depending on the physical separation of the leads 123, 
25 125. Accordingly, in one example, the effect of inductive coupling between leads can be 
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reduced by physically separating the leads as much as possible. Thus, in one example, the cables 
951, 952, 953, 954, 955, 956 are provided in separate physically separated leads. However, a 
problem with this arrangement is that the amount of inductive coupling will vary depending on 
the physical lead geometry, which can therefore vary between measurements. As a result, the 
5 magnitude of any inductive coupling can vary, making this difficult to account for when 
analysing the impedance measurements. 

An alternative to using physically separate leads for each of the cables 951, 952, 953, 954, 955, 
956 is to use a single combined lead L. The lead is formed so that the cables 951, 952, 953, 954, 
955, 956 are held in a substantially constant relative physical configuration. In one example, the 
10 leads L are formed so as to provide a constant geometric arrangement by twisting each of the 
respective cables together. However, alternative fabrication techniques could be used such as 
making the leads from separate un-insulated shielded cables that are over moulded to maintain 
close contact. 

As a result of the constant physical geometry, any EMF induced along the leads 123, 125 is 
15 substantially constant, allowing this to be accounted for during a calibration process. 

Accordingly, when the measuring device 100 is initially configured, and in particular, when the 
algorithms are generated for analysing the voltage and current signals V s , Is, to determine 
impedance measurements, these can include calibration factors that take into account the induced 
EMF. In particular, during the configuration process, a measuring device 100 can be used to 
20 take measurements from reference impedances, with the resulting calculations being used to 
determine the effect of the induced EMF, allowing this to be subtracted from future 
measurements. 

A further issue with the lead arrangement is that of capacitive coupling between the respective 
cables, as will now be described with respect to Figure 10. For the purpose of this example, only 
25 cables 95 1 , 953, 954 are shown for clarity. 
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In this example, the measuring device 100 is connected to the PCB's 950A, 950B to provide 
connections for each of the electrodes 113A, 113B, 115A, 115B. As also shown, each of the 
cables 951, 953, 954 have respective shielding 1051, 1053, 1054 provided thereon. The 
shielding is used to help prevent coupling between the respective cables 951, 953, 954. It will 
5 therefore be appreciated that the cables 951, 953, 954 are generally formed from a shielded wire 
core. In practice, the shielded cables may be 50Q transmission lines, which minimize signal 
transmission distortion at high frequencies, thereby minimizing errors. In addition to this, the 
shields 1051, 1053, 1054 are typically interconnected at each end, to a reference voltage such as 
a ground, via respective connections 1055, 1056. 

10 The use of shielded and grounded cables in this fashion helps reduce the effect of capacitive 
coupling, helping to further reduce inaccuracies in obtained measurements. 

A further potential issue is that of inductive coupling between the different leads L 9 as well as 
capacitive coupling between the subject and the subject and the bed. In this regard, parasitic 
capacitances allow high frequency currents to bypass the intended current path through the body, 
15 resulting in measurement errors. To take this into account, in one example, the leads L for each 
electrode system can be physically separated as much as possible and/or provided in an 
arrangement that minimizes lead length in use. An example of an arrangement for achieving this 
will now be described with respect to Figure 11. 

For the purpose of this example, the measuring system provides four measuring channels, 
20 designated by the suffixes A, B, C, D. It will be appreciated that this can be achieved by using a 
modified version of the measuring device 100, in which further ADCs 727, 728 and DACs 729 
are provided as briefly described above. 

In this example, the subject S is laying on a bed 1100, with arms 1131, 1132 positioned by the 
subject's side, and the legs 1133, 1134 resting on a support 1140, which incorporates the 
25 measuring device 100. The support may be any form of support, but is typically formed from 
moulded foam, or the like, which arranges the subject with the measuring device 100 positioned 
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substantially between the subject's knees. The measuring device 100 is typically incorporated 
into the support both to ensure accurate location of the subject relative to the measuring device 
100, and also to protect the subject 5 from damage caused by rubbing or other impact with a 
housing of the measuring device 100. 

5 By providing a four channel arrangement, this allows a respective electrode system to be 
mounted to each of the subject's limbs. Thus, as shown, each limb 1131,1 132, 1 133, 1 134 has a 
respective substrate 760 mounted thereon, to thereby provide a drive and sense electrode 113, 
115 on each wrist and ankle. The electrodes 113, 115, are coupled to respective signal 
generators and sensors mounted on the substrates 750, which are in turn coupled to the 

10 measuring device 100 via respective leads LA, LB, LC, LD. 

The leads are arranged so that each lead LA, LB, LC, LD extends away from the measuring 
device 100 in different directions, thereby maximizing the physical separation of the leads and 
hence helping to reduce any inductive coupling therebetween. 

Additionally, the leads LA, LB, LC, LD are preferably adapted to extend perpendicularly from 
15 both the measuring device 100 and the subject S, to thereby further reduce the effects of 
capacitive coupling. 

Furthermore, by having the measuring device 100 positioned near the subject's knee, this places 
the measuring device 100 approximately equi-distant between the subject's wrists and ankles. 
Thus, by arranging the measuring device 100 towards the lower end of the bed 1100, this reduces 

20 the length of leads LA, LB, LC, LD needed to place the electrodes on the wrist and ankle of the 
subject S, whilst maintaining substantially equal lead lengths, which helps further reduce both 
inductive and capacitive coupling effects. In this regard, the EMF originating from any 
inductive coupling effect is proportional to the relevant lead length, thereby equalising any effect 
for the different leads. Similarly, capacitive coupling between the leads (ground) and the subject 

25 S, which can create current shunt paths, is also minimized. 
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The above described arrangement is for the purpose of example only, and it will be appreciated 
that in practice, any suitable mechanisms for positioning the measuring device 100 in the vicinity 
of the subject's upper legs (approximately midway between the wrists and ankles) can be used. 
Thus, for example, this could involve simply resting the measuring device 100 on the subject's 
5 legs, providing a custom built support, or the like. 

It will be appreciated that in this arrangement, by having four first electrodes and four second 
electrodes positioned on the limbs, this allows a range of different limb and/or whole body 
impedance measurements to be performed. 

The electrode configuration shown in Figure 1 1 can be used to perform an alternative balancing 
10 process, as will now be described with reference to Figures 12A and 12B. 

For the purpose of these examples, the subject S has arms 1231 1232, legs 1233, 1234 and a 
torso 1235 and the measuring device 300 (not shown for clarity) is provided in a multi-channel 
configuration similar to that shown in Figure 9, with respective pairs of drive and sense 
electrodes 113A, 115A; 113B, 115B; 113C, 115C; 113D, 1 15D provided on the wrist and ankles 
15 of the subject. In Figures 12A and 12B, active electrodes only are shown. 

In each example, a drive electrode configuration is used that applies a drive signal to the drive 
electrodes 113B, 113D, so that the signal passes through the arm 1231, the torso 1235 and the 
leg 1233, as shown by the dotted line 1240. 

In the example of Figure 12A sense electrodes 1 15B, 1 15D provided on the arm 1231 and on the 
20 leg 1233 are used to perform the balancing. In contrast, in the arrangement of Figure 12B, the 
sense electrodes 115A, 115C provided on the contra-lateral limbs 1232, 1234 are used to 
perform balancing. This leads to different effective electrical models for the balancing process, 
as shown in Figure 12C. The effective electrical model represents impedances encountered by 
the drive signal, including impedances Zjj 3 b, Zj I3 d, Zi2su Z ]23 5, Z }2 33, representing the 
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impedances of the drive electrode impedances 113B, 113D, the arm 1231, the torso 1235 and the 
leg 1233 5 respectively. 

In the electrode configuration of Figure 12 A, the sense electrodes are provided on the arm 1231 
and the leg 1233, so that voltages induced within the subject are effectively sensed at the points 
5 between the drive electrodes 113B, 113D and the respective limb 1231, 1233. The sensed 
voltages measured at the electrodes 115B, 115D are shown at V S b and Vsd, respectively, and 
these effectively take into account current flow through the arm 123 1, the torso 1235 and the leg 
1233. 

When performing balancing, the drive signal is controlled to minimise the common mode 
10 voltage such that V SB ~ - V SD - In this configuration, the effective ground reference voltage Vr is 
electrically centred between the sensed voltages V S b, V S d, such that the differences AV B , AV D 
between the reference voltage Vr and each sensed voltage Vsb* Vsd is approximately equal AVb~ 
AV D . This therefore takes into account differences in impedances for the drive electrodes 113B, 
11 3D, which typically arise from different contact impedances, so that if one of the electrodes 
15 has a significantly higher impedance than the other electrode, the signal applied to the body after 
the electrodes is still symmetrical with respect to the sense electrodes 1 15B, 1 15D. 

As the impedance of the arm Znsi is generally higher than the torso impedance Z ]2 35 and leg 
impedance Z/253, then generally the signal voltage difference across the arm 1231 is 
approximately equal to that across the torso 1235 and leg 1233 combined. Consequently, the 

20 location of the reference voltage Vr does not generally occur at the geometric centre of the 
subject's body, but rather occurs somewhere near the shoulder region of the subject S. As a 
result, the subject's body centre voltage Vc is not necessarily minimised by balancing according 
to the sensed voltages Vsb> Vsd and there can be a significant residual signal voltage V at the 
centre of the subject's torso 1235, which corresponds to the subject's body centre. Thus, the 

25 body centre voltage V c = V ^ Vr. The residual signal voltage will result in current flow due to 
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capacitive coupling between the subject and the environment, such as the bed on which the 
subject is positioned. This in turn impacts on the accuracy of the impedance measurements. 

By contrast, the arrangement shown in Figure 12B senses the voltages in the subject using the 
sense electrodes 115A, 115C provided on the contralateral limbs 1232 5 1234. As there is no 
5 current flow through the contralateral limbs 1232, 1234, the contralateral limbs 1232, 1234 are 
effectively at the same voltage along their entire length (i.e. isopotential). Accordingly, the 
sense electrodes 1 15A, 115C effectively measures the voltages at the point where the torso 1235 
joins the arm 1231 and the leg 1233 as also shown in Figure 12C. 

In this instance if the balancing is performed, the reference voltage Vr is electrically centred 
10 between the sensed voltages V SA , V sc , such that the difference AV A , AV C between the reference 
voltage V R and each sensed voltages Vsa, Vsc is approximately equal AV A ~ AV C . As the voltage 
induced by the overall drive signal V D is measured across the torso only, and as the upper and 
lower torso have similar impedances, the reference voltage Vr is positioned midway along the 
torso 1235. As the reference voltage is typically set to 0V, this minimises the amplitude of the 
15 signal voltage on the torso 1235, as induced by the drive signal, which in turn reduces the effect 
of capacitive coupling between the subject and the bed. 

Accordingly, whilst it will be appreciated that balancing can be performed using the 
configuration of Figure 12 A, this typically only takes into account variations in electrode 
impedances of the drive electrodes 113B, 113D. Whilst this will also generally reduce the 
20 overall potential of the subject's torso, and hence reduce the effect of parasitic capacitances, it 
still does not necessarily result in the voltages in the body being balanced symmetrically with 
respect to the torso. Accordingly, in one example it is preferred to use the electrode 
configuration shown in Figure 12B. 

Thus, balancing can be performed for a range of different electrode configurations, including 
25 sensing voltages on the same limbs to which the voltage drive signals are applied. However, in 
one example, the balancing is performed by passing signals along a first limb, the torso and a 
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second limb with the voltage signals being measured by different third and fourth limbs. By 
measuring the voltages on different limbs, this ensures that balancing is performed about the 
subject's torso which in turn results in reduced effect of capacitive coupling between the subject 
and the environment. 

5 It will be appreciated that in practice, there will always be some parasitic current flow from the 
torso even when the centre-body voltage is balanced. This is due to the relatively large physical 
size of the torso. However, the process of balancing the centre-body voltage attempts to 
minimise this error and also enables a repeatable reference point to be achieved. 

Persons skilled in the art will appreciate that numerous variations and modifications will become 
10 apparent. All such variations and modifications which become apparent to persons skilled in the 
art, should be considered to fall within the spirit and scope that the invention broadly appearing 
before described. 

For example, the above described technique can be used to determine values for the impedance 
parameters R 0 and R~, and accordingly may be used in any scenario for which this information is 
15 useful. This can include for example, diagnosing the presence, absence or degree of a range of 
conditions and illnesses, including, but not limited to oedema, lymphoedema, or the like. The 
technique can also be used for performing body composition analysis, for example to examine 
relative fat levels or the like. 

Whilst the above described examples use resistors, any suitable electronic components that can 
20 be used in simulating a subject's impedance response may be used. The term impedance is 
intended to cover any form of impedance measurement including resistance, reactance or 
admittance measurements. 
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THE CLAIMS 

1) Apparatus for use in performing impedance measurements on a subject, wherein the 
apparatus includes a processing system for: 

a) at each of three frequencies, determining first and second parameter values for first and 
5 second impedance parameters relating to the impedance of at least one body segment of 

the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

10 c) using the circle parameter values to determine a third impedance parameter value at a 

respective frequency; and, 
d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject. 

2) Apparatus according to claim 1, wherein the indicator is indicative of extra-cellular fluid 
15 levels. 

3) Apparatus according to claim 1 or claim 2, wherein the indicator is indicative of the presence, 
absence or degree of oedema. 

4) Apparatus according to any one of the claims 1 to 3, wherein the third impedance parameter 
is indicative of the impedance at zero frequency. 

20 5) Apparatus according to any one of the claims 1 to 4, wherein the processing system is for: 

a) determining third impedance parameter values at a respective frequency for each of first 
and second body segments; 

b) determining a ratio using the third impedance parameter values; and, 

c) using the ratio to determine the indicator. 

25 6) Apparatus according to claim 5, wherein the first and second body segments are portions of 
contra-lateral limbs. 

7) Apparatus according to claim 5 or claim 6, wherein the processing system is for: 
a) comparing the ratio to a reference; and, 
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b) using results of the comparison to determine the indicator. 

8) Apparatus according to claim 7, wherein the reference includes at least one of: 

a) a predetermined threshold; 

b) a tolerance determined from a normal population; and, 
5 c) a predetermined range. 

9) Apparatus according to claim 7, wherein the reference includes an indicator previously 
determined for the subject. 

10) Apparatus according to claim 9, wherein the previously determined indicator is determined 
prior to the subject undergoing at least one of: 

10 a) surgery; and, 

b) treatment. 

1 1) Apparatus according to any one of the claims 1 to 10, wherein the processing system is for: 

a) using the circle parameter values to determine a fourth impedance parameter value at a 
respective frequency; 

15 b) using the third and fourth impedance parameters values to determine an index indicative 

of a ratio of the extra-cellular to intracellular fluid; and, 

c) determining the indicator using the index. 

12) Apparatus according to claim 1 1, wherein the processing system is for: 
a) determining an index for first and second body segments; and, 

20 b) determining an index ratio based on the index for the first and second body segments. 

13) Apparatus according to claim 12, wherein the first and second body segments are different 
types of body segment. 

14) Apparatus according to claim 13, wherein the first and second body segments are limbs. 

15) Apparatus according to claim 13, wherein the first body segment is a leg and the second body 
25 segment is an arm. 

16) Apparatus according to any one of the claims 1 1 to 15, wherein the processing system is for: 

a) determining values for parameters R 0 and Rao from the impedance parameter values; and, 

b) calculating an index (I) using the equation: 
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j Roo 
where: 

R 0 is the resistance at zero frequency; and, 
Roo is the resistance at infinite frequency. 

17) Apparatus according to any one of the claims 1 to 16, wherein the processing system is for, 
displaying an indication of at least one of: 

a) the third impedance parameter values; 

b) the first and second impedance parameter values; 

c) the circle parameters; 

d) a ratio of extra-cellular to intra-cellular fluid; and, 

e) an indication of the at least one of the presence, absence or degree of tissue oedema in the 
subject. 

18) Apparatus according to any one of the claims 1 to 17, wherein the apparatus includes: 

a) a signal generator for generating an alternating signal at each of a plurality of 
frequencies; 

b) at least two supply electrodes for applying the generated alternating signal to a subject; 

c) at least two measurement electrodes for detecting a signal across the subject; and, 

d) a sensor coupled to the measurement electrodes for determining the signal across the 
subject, the sensor being coupled to the processing system to thereby allow the 
processing system to determine the measured impedances. 

19) Apparatus according to any one of the claims 1 to 18, wherein the apparatus includes a 
number of electrode systems, and wherein each electrode system includes: 

a) a sensor; and, 

b) a signal generator. 

20) Apparatus according to claim 19, wherein electrode system includes: 

a) a first substrate having the signal generator and sensor mounted thereon; and, 
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b) a second substrate having at least two conductive pads mounted thereon, the conductive 
pads forming a first and a second electrode for coupling the signal generator and the 
sensor to a subject in use. 

21) Apparatus according to claim 19 or claim 20, wherein the electrode system includes a 
5 capacitive cancelling circuit for cancelling capacitive coupling between the first and second 

electrodes. 

22) Apparatus according to claim 21, wherein the capacitive cancelling circuit includes an 
inverting amplifier for coupling a signal generator output to a sensor input. 

23) Apparatus according to claim 22, wherein the inverting amplifier applies a capacitive 
10 cancelling signal to the sensor input to thereby cancel any effective capacitance between the 

first electrode and the second electrode. 

24) Apparatus according to claim 22 or claim 23, wherein an inverting amplifier output is 
coupled to the sensor input via at least one of: 

a) a resistor; 
15 b) a capacitor; and, 

c) an inductor, 

25) Apparatus according to claim 24, wherein at least one of a resistor and capacitor are 
adjustable, thereby allowing a capacitive cancelling signal applied to the sensor input to be 
controlled. 

20 26) Apparatus according to any one of the claims 19 to 25, wherein the electrode system includes 
an input capacitance cancelling circuit for cancelling an effective input capacitance at a 
sensor input. 

27) Apparatus according to any one of the claims 19 to 26, wherein the electrode system includes 
a feedback loop for connecting a sensor output to the sensor input. 
25 28) Apparatus according to claim 27, wherein the feedback loop includes at least one of: 

a) a resistor; 

b) a capacitor; and, 

c) an inductor. 
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29) Apparatus according to claim 28, wherein at least one of a resistor and capacitor are 
adjustable, thereby allowing a current flow from the sensor output to the sensor input to be 
controlled. 

30) Apparatus according to claim 28 or claim 29, wherein the feedback loop applies an input 
capacitance cancelling signal to the sensor input to thereby cancel any effective capacitance 
at the sensor input. 

31) Apparatus according to any one of the claims 1 to 30, wherein the processing system includes 
a memory for storing software, and a processor operating under control of the software stored 
in the memory, and wherein the processor: 

a) determines, at each of three frequencies, first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solves simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) uses the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) uses the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject. 

32) A method for use in performing impedance measurements on a subject, wherein the method 
includes, in a processing system: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 
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c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject. 

33) A method for use in diagnosing the presence, absence or degree of oedema, wherein the 
method includes: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject; and, 

e) using the indicator to determine the presence, absence or degree of oedema. 

34) A method according to claim 32, wherein the oedema is lymphodema. 

35) A method for use in body composition analysis, wherein the method includes: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 
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d) using the third impedance parameter value to determine the body composition of the 
individual. 

36) Apparatus for use in diagnosing the presence, absence or degree of oedema, wherein the 
apparatus includes a processing system for: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; 

d) using the third impedance parameter value to determine an indicator indicative of relative 
fluid levels within the body segment of the subject; and, 

e) using the indicator to determine the presence, absence or degree of oedema. 

37) Apparatus for use in body composition analysis, wherein the apparatus includes a processing 
system for: 

a) at each of three frequencies, determining first and second parameter values for first and 
second impedance parameters relating to the impedance of at least one body segment of 
the subject; 

b) solving simultaneous equations representing a circle defined with respect to the first and 
second impedance parameters to thereby determine circle parameter values, the equations 
being solved using the first and second parameter values at each of the three frequencies; 

c) using the circle parameter values to determine a third impedance parameter value at a 
respective frequency; and, 

d) using the third impedance parameter value to determine the body composition of the 
individual. 
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